I. INTRODUCTION
Hint of lepton flavor violation has been observed in various leptonic and semileptonic B decays.
Recently, LHCb collaboration [1] has measured the ratio of branching fractions of B → K e + e − to B → K µ + µ − decays to be R 
Again, there is a discrepancy of more than 2σ with the SM expectation in the measured ratio R l π = 0.73 ± 0.15 [6] ,
where l represents either an electron or a muon, respectively. The recent value of B(B − → τ − ν τ ) = (11.4 ± 2.2) × 10 −5 [7] [8] [9] is slightly larger than the SM expectation [10] [11] [12] . Again, the most recent result of B(B − → τ − ν τ ) = (12.5 ± 2.8 ± 2.7) × 10 −5 reported by Belle [13] is consistent with their earlier result. Moreover, the measured value of B(B 0 → π + l − ν l ) = (14.6 ± 0.7) × 10 −5 [14] [15] [16] is consistent with the SM prediction. The Belle experiment recently reported an upper limit on the total rate B(B 0 → π − τ ν) < 2.5 × 10 −4 [17] which is close to the SM prediction [18] . A prediction on the ratio of branching ratios R π of B → πτ ν to the corresponding B → π l ν decays has also been reported in Refs. [18] [19] [20] [21] [22] . Several phenomenological work have been done in order to explain the discrepancies in R D , R D * , R l π , and R µ e K , see in particular Ref. [6, 19, 21, . Ratio of branching ratios such as R D , R D * , R l π , R π , and R µ e K are excellent observables to test for new physics (NP) mainly because of two reasons. First, these ratio of branching ratios are independent of the CKM matrix element and hence the uncertainties associated with the CKM matrix elements do not enter into these ratios. Second, uncertainties associated with the hadronic form factors are also reduced while taking these ratios.
Precise determination of the CKM matrix elements |V cb | and |V ub | is interesting in itself as there are tensions between exclusive and inclusive determination of |V cb | and |V ub | from semileptonic B decays. The typical relative accuracy is about 2% for |V cb |, however, the precision on |V ub | is not better than 12% [51] . The magnitude |V ub | can be measured via semileptonic b → u transition decays. The world average using the exclusive b → u transition decay channelsB 0 → π + l ν and [52] . Very recently, LHCb has measured the ratio of partially integrated rates of baryonic b → u and b → c decays Λ b → p µν and Λ b → Λ c µν and put constraint on the ratio of |V ub | and |V cb |. Combining with the theoretical calculations and previously measured value of |V cb | = (39.5 ± 0.8) × 10 −3 [9] , the obtained value of |V ub | = (32.7 ± 2.3) × 10 −4 [53, 54] is in good agreement with the exclusively measured world average.
However, it disagrees with the inclusive measurement at a 3.5σ significance level. This is the first measurement of |V ub | using baryonic decay channels. The baryonic Λ b → pµν decays mediated via b → u charge current interactions was not considered before as Λ b baryons are not produced in e + e − B factory. However, at LHC, production of Λ b baryon is remarkably high; around 20% of the total b hadrons produced [55, 56] .
Λ b → Λ c τ ν decay mode has been studied by various authors [57] [58] [59] [60] . In Ref. [58] , a prediction for the decay branching fractions and the ratio of branching fractions has been presented in the context of SM and various NP couplings. In Ref. [59] , a covariant confined quark model has been used to provide SM prediction on various observables such as total rate, the differential decay distribution, the longitudinal and transverse polarization of the daughter baryon Λ c and the τ lepton, and the lepton side forward backward asymmetries. Again, in Ref [60] , a precise calculation of the Λ b → Λ c and Λ b → p form factors using lattice QCD with 2 + 1 dynamical flavors has been done and the SM prediction of the differential and integrated decay rates of Λ b → Λ c l ν and Λ b → p l ν decays have been reported. In this paper, we use the most general effective Lagrangian in the presence of NP and study the effect of various NP couplings on different observables such as differential decay distribution, ratio of branching ratios, forward backward asymmetries, and the convexity parameter for Λ b → Λ c l ν and Λ b → p l ν decays in a model independent way. Although we adopt the same approach, our treatment differs significantly from Ref. [58] . We treat b → u and b → c semileptonic decays together in the same framework and perform a combined analysis using the constraints coming from R D , R D * , and R l π to the end in determining the possible ranges in each observables. Again, for the Λ b → Λ c and Λ b → p transition form factors, we use the most precise lattice calculations of Ref. [60] . This paper is organized as follows. In section. II, we start with the most general expression for the effective Lagrangian for the b → (c, , u) l ν transition decays in the presence of NP. A brief discussion on Λ b → Λ c and Λ b → p transition form factors are also presented. All the relevant formulas pertinent for our numerical calculation are reported in section II. We define several observables such as differential branching ratio, ratio of branching ratios, forward backward asymmetries, and convexity parameters for the Λ b → Λ c τ ν and Λ b → p τ ν decay modes. In section III, we start with various input parameters that are used for our analysis. The SM prediction and the effect of various NP couplings on all the observables for the Λ b → Λ c τ ν and Λ b → p τ ν decay modes are presented in section III. We present a brief summary of our results and conclude in section IV.
II. EFFECTIVE LAGRANGIAN AND HELICITY AMPLITUDES
In the presence of NP, the effective weak Lagrangian for the b → q ′ l ν transition decays, where q ′ is either a u quark or a c quark, can be written as [61, 62] 
where G F is the Fermi constant, V q ′ b is the relevant CKM Matrix element, and (q
The NP couplings, associated with new vector, scalar, and tensor interactions, denoted by V L,R , S L,R , and T L involve left-handed neutrinos, whereas, the NP couplings denoted by V L,R , S L,R , and T L involve right-handed neutrinos. We consider NP contributions coming from vector and scalar type of interactions only. We neglect the contributions coming from NP couplings that involves right-handed neutrinos, i.e, V L,R = S L,R = T L = 0. All the NP couplings are assumed to be real for our analysis. With these assumptions and retaining the same notation as in Ref. [19] , we obtain
where
The SM contribution can be obtained once we set V L,R = S L,R = 0 in Eq. (4).
In order to compute the branching fractions and other observables for Λ b → Λ c l ν and Λ b → p l ν decay modes, we need to find various hadronic form factors that parametrizes the hadronic matrix elements of vector (axial vector) and scalar (pseudoscalar) currents between the two spin half baryons. The hadronic matrix elements of vector and axial vector currents between two spin half baryons B 1 and B 2 can be parametrized in terms of various form factors as
where 
where m b is the mass of b quark and m q ′ is the mass of q ′ = (u, c) quarks evaluated at renormalization scale µ = m b , respectively. The various form factors f i 's and g i 's are related to the helicity form factors f +,⊥,0 and g +,⊥,0 as follows [60] :
where m B 1 and m B 2 are the masses of B 1 and B 2 baryons, respectively. For the various helicity form factors we have used the formula given in Ref . [60] . The relevant equations pertinent for our calculation are as follows: [60] . The expansion parameter z is defined as
2 , respectively. For more details, we refer to
Ref. [60] . We now proceed to discuss the helicity amplitudes for these baryonic b → (c, u) l ν decay modes. The helicity amplitudes can be defined by [59, 63] 
where λ 2 and λ W denote the helicities of the daughter baryon and W − off−shell , respectively. The total left -chiral helicity amplitude can be written as
In terms of the various form factors and the NP couplings, the helicity amplitudes can be written
Either from parity or from explicit calculation, one can show
. Similarly, the scalar and pseudoscalar helicity amplitudes associated with the NP couplings G S and G P can be written as [58] 
Moreover, we have H
from parity argument or from explicit calculation.
We follow Ref. [58] and write the differential angular distribution for the three body B 1 → B 2 l ν decays in the presence of NP as
Here
is the momentum of the outgoing baryon B 2 , where
. We denote θ l as the angle between the daughter baryon B 2 and the lepton three momentum vector in the q 2 rest frame. The differential decay rate can be obtained by integrating out cos θ l from Eq. (14), i.e,
We define several observables such as ratio of branching ratios R Λc , R p , and ratio of partially integrated branching ratios R µ Λc p for the two decay modes such that
We have also defined several q 2 dependent observables such as differential branching fractions DBR(q 2 ), ratio of branching fractions R(q 2 ), forward backward asymmetries A FB (q 2 ), and the convexity parameter C l F (q 2 ) for these two baryonic decay modes. Those are
We want to mention that the observable
d(cos θ) 2 is independent of the new scalar couplings S L and S R . It only depends on the new vector couplings V L and V R . Hence, once NP is established, this observable can be used to distinguish between the vector and scalar type of NP interactions. We now proceed to discuss the results of our analysis. 
III. RESULTS AND DISCUSSION
For definiteness, we first present all the inputs that are pertinent for our calculation. 
and put constraint on the ratio |V ub |/|V cb | = 0.083 ± 0.004 ± 0.004 [53] . A value of |V ub | = (32.7 ± 2.3) × 10 −4 [53, 54] is obtained using the theoretical calculations and the extracted value of |V cb | from exclusive B decays. This measurement of |V ub | using baryonic decay channel is in very good agreement with the exclusively measured world average from Ref. [52] . However, it disagrees with the inclusive measurement [9] at a significance level of 3.5σ. A very precise calculation of the Λ b → Λ c and Λ b → p hadronic form factors using lattice QCD with 2 + 1 dynamical flavors relevant for the determination of CKM elements |V cb | and |V ub | is very recently done in Ref. [60] . The relevant parameters for the form factor calculation are given in Table. I and Table. II. We also report the most important experimental input parameters R D , R D * , and R l π with their uncertainties in Table. III. The errors in Eq. (1) are added in quadrature. Let us now proceed to discuss the results that are obtained within the SM.
The SM branching fractions and the ratio of branching fractions for the Λ b → Λ c l ν and Λ b → p l ν decays are presented in Table IV . There are two main sources of uncertainties. It may arise either from not so well known input parameters such as CKM matrix elements or from hadronic input Table IV are obtained using the central values of all the input parameters whereas, to find the 1σ range of all the parameters, we vary all the input parameters such as CKM matrix elements, the hadronic form factors, and the decay constants within 1σ from their central values. We, however, do not include the uncertainties coming from the quark mass, lepton mass, baryon mass, and the mean life time as these are not important for our analysis. Our central value for the parameter R Λc is exactly same as the value reported in Ref. [60] , however, it differs slightly from the values reported in Refs. [57] [58] [59] .
It is expected because we have used the lattice calculations of the form factors from Ref. [60] . We, however, use only the nominal form factor parameters and their uncertainties in our analysis. be seen that once NP is included the deviation from the SM expectation is quite large in case of DBR(q 2 ), R(q 2 ), and A FB (q 2 ). However, the deviation is almost negligible in case of C l F (q 2 ). Again, the deviation is more in case of Λ b → Λ c τ ν decays compared to that of Λ b → p τ ν decays.
In the second scenario, we assume that NP is coming from new scalar type of interactions, i.e, from S L and S R only. To explore the effect of NP coming from S L and S R , we vary S L and S R and impose a 3σ constraint coming from the recent measurement of R D , R D * , and R l π . The resulting ranges in S L and S R obtained using the 3σ experimental constraint are shown in Fig. 3 . In the left panel of Fig. 3 , the possible ranges in R Λc and R p are shown. The allowed ranges in all the observables are:
Note that the deviation from the SM prediction can be significant depending on the values of the NP couplings S L and S R . We want to see the effect of these NP couplings on various q 2 dependent observables. In Fig. 4 , we have shown how the observables DBR(q 2 ), R(q 2 ), A FB (q 2 ), and
behave as a function of q 2 with and without the NP couplings. The blue band corresponds to the SM range whereas, the green band corresponds to the NP range. The deviations from the SM expectation is prominent in case of observables such as differential branching fraction DBR(q 2 ), ratio of branching fraction R(q 2 ), and the forward backward asymmetry parameter A FB (q 2 ). However, We want to mention that we do not consider pure G V , G A , G S , or G P type of NP couplings in our analysis as this kind of NP will not be able to accommodate all the existing data on R D , R D * , and R l π simultaneously. Ref. [58] . However, in our work, we consider both Λ b → Λ c l ν, and Λ b → p l ν decays, mediated via b → u and b → c charged current interactions, within one framework and perform a combined analysis using the 3σ constraint coming from the most recent experimental results on R D , R D * , and R l π to explore the pattern of NP. This is where we differ significantly from Ref. [58] . Moreover, the various Λ b → Λ c and Λ b → p transition form factors that we use are also different from Ref. [58] .
We assume NP in the third generation leptons only. We also assume the NP couplings to be real for our analysis. We look at two different NP scenarios. Now let us summarize our main results.
We first report the central values and the 1σ ranges in the branching fractions, the ratio of branching fractions, and the ratio of partially integrated decay rates of Λ b → Λ c l ν and Λ b → p l ν decay modes within the SM. Our value of R Λc is exactly same as in Ref. [60] , however, it differs slightly from the value reported in Refs. [57] [58] [59] . It is due to the fact that we use the latest lattice calculations of the form factors from Ref. [60] .
We include vector and scalar type of NP interactions in our analysis and explore two different NP scenarios. In the first scenario, we consider only vector type of NP interactions, i.e, we consider that only V L and V R contributes to these two decays modes. We find the possible ranges in V L and V R using the 3σ constraint coming from the most recent experimental results on R D , R D * , and R will also help in determining the poorly known CKM matrix element |V ub |.
